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Abstract
Objective: To evaluate under- and overreporting and their determinants in the EPIC
24-hour diet recall (24-HDR) measurements collected in the European Prospective
Investigation into Cancer and Nutrition (EPIC).
Design: Cross-sectional analysis. 24-HDR measurements were obtained by means of a
standardised computerised interview program (EPIC-SOFT). The ratio of reported
energy intake (El) to estimated basal metabolic rate (BMR) was used to ascertain the
magnitude, impact and determinants of misreporting. Goldberg's cut-off points were
used to identify participants with physiologically extreme low or high energy intake.
At the aggregate level the value of 1.55 for physical activity level (PAL) was chosen as
reference. At the individual level we used multivariate statistical techniques to identify
factors that could explain EI/BMR variability. Analyses were performed by adjusting
for weight, height, age at recall, special diet, smoking status, day of recall (weekday
vs. weekend day) and physical activity.
Setting: Twenty-seven redefined centres in the 10 countries participating in the EPIC
project.
Subjects: In total, 35955 men and women, aged 35-74 years, participating in the
nested EPIC calibration sub-studies.
Results: While overreporting has only a minor impact, the percentage of subjects
identified as extreme underreporters was 13.8% and 10.3% in women and men,
respectively. Mean EI/BMR values in men and women were 1.44 and 1.36 including all
subjects, and 1.50 and 1.44 after exclusion of misreporters. After exclusion of
misreporters, adjusted EI/BMR means were consistently less than 10% different from the
expected value of 1.55 for PAL (except for women in Greece and in the UK), with overall
differences equal to 4.0% and 7.4% for men and women, respectively. We modelled the
probability of being an underreporter in association with several individual
characteristics. After adjustment for age, height, special diet, smoking status, day of
recall and physical activity at work, logistic regression analyses resulted in an odds ratio
(OR) of being an underreporter for the highest vs. the lowest quartile of body mass index
(BMI) of 3-52 (95% confidence interval (CD 2.91-4.26) in men and 4.80 (95% CI 4.11-
5.6l) in women, indicating that overweight subjects are significantly more likely to
underestimate energy intake than subjects in the bottom BMI category. Older people
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were less likely to underestimate energy intake: ORs were 0.58 (95% CI 0.45-0.77)
and 0.74 (95% CI 0.63-0.88) for age (> 65 years vs. < 50 years). Special diet and day of
the week showed strong effects.
Conclusion: El tends to be underestimated in the vast majority of the EPIC centres,
although to varying degrees; at the aggregate level most centres were below the
expected reference value of 1.55. Underreporting seems to be more prevalent among
women than men in the EPIC calibration sample. The hypothesis that BMI (or weight)
and age are causally related to underreporting seems to be confirmed in the present
work. This introduces further complexity in the within-group (centre or country) and









In epidemiological studies aimed at investigating the
relationship between diet and diseases of interest, the
measures of association may be attenuated due to
measurement error when estimating individual exposure.
One way to overcome this loss of power is, among others,
to increase the heterogeneity of the dietary exposure, thus
reducing the impact of measurement error. In epidemio-
logical studies this can be achieved by considering
populations with very different dietary habits. This was
the rationale for setting up the European Prospective
Investigation into Cancer and Nutrition (EPIC)1, a multi-
centre cohort study on diet and cancer conducted in 23
administrative centres in 10 European countries. This
study design allows the diet-cancer relationship to be
investigated at the individual level, within each of the
separate cohorts, and at the ecological level, through the
comparison of cancer incidence and dietary habits among
cohorts.
In EPIC, individual habitual dietary intake was assessed
by means of different validated questionnaires developed
and administered independently in each country2.
Different methods were chosen because the cohorts
started and developed separately. Moreover, it was
difficult to use the same dietary assessment instrument to
capture the large heterogeneity in dietary patterns existing
across centres. Semi-quantitative food-frequency ques-
tionnaires, modified dietary history questionnaires or
combined methods2 were used to assess usual dietary
intakes. Dietary assessment methods are, however, very
likely to be affected by random and systematic within-
person measurement errors which, in addition, may vary
in magnitude and direction depending on the dietary
method used3. Statistical methods have therefore been
proposed to take into account the impact of measurement
errors and obtain correct estimates of dietary exposure and
cancer incidence associations.
Rosner et al4 proposed a calibration method to correct
for random and systematic error in baseline dietary
assessment measurements using a more accurate method
as reference (so-called 'reference measurement'). The
statistical method requires that, on a sub-sample of the
study participants, a second dietary reference measure-
ment is taken in order to estimate the attenuation
coefficient, the parameter that will adjust the observed
(naive) diet-cancer relationship. Within the EPIC study
framework it was decided to use 24-hour dietary recalls
(24-HDRs) to provide reference measurements. A single
24-HDR was collected from a sample of 36 900 participants
from the entire EPIC cohort in order to express individual
dietary intakes according to the same reference scale and
to adjust observed diet-disease associations for
attenuation.
The calibration approach requires first that the 24-HDR
measurements provide unbiased estimates at the popu-
lation level. This statistical requirement is, however,
difficult to satisfy in practice. Indeed, it has been
extensively recognised that all self-reported dietary
intakes contain measurement errors5'6. However, if the
direction and magnitude of systematic dietary measure-
ment errors are approximately constant across study
populations, the reference method can be used for within-
and between-cohort calibration. The questionnaires are
therefore calibrated against a dietary method with only a
relative validity, but which is comparable across study
populations7. In order to satisfy this objective, the 24-HDR
interview procedure was highly standardised across EPIC
centres, using an ad hoc computerised program (EPIC-
SOFT)8.
In the present paper we set out first to evaluate under-
and overreporting in 24-HDRs and to provide a
comparison of their magnitude across the EPIC centres,
in order to gain a better insight into the effect of
standardisation of the 24-hour diet recall measurement
across study populations. In the absence of perfect
reference measurements such as urinary nitrogen or
doubly labelled water measurements9, which are too
expensive to use in large epidemiological studies, we used
the computed ratio of total energy intake to predicted
basal metabolic rate (EI/BMR), as proposed by Goldberg
et al10 and Black11, as an empirical approach to evaluate
the (relative) validity of reported total energy intakes.
Furthermore, we investigated the relationship between
extreme under- and overreporting observed in the 24-
HDRs and their potentially associated factors, using the
specific EI/BMR cut-off proposed by Goldberg et al10.
Another important statistical requirement for calibrating
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dietary measurements is that the correlation between 24-
HDR and dietary questionnaire (DQ) errors be indepen-
dent. However, this issue is beyond the scope of the
present work and will not be addressed in this paper.
Material and methods
The EPIC study population includes over 500 000
participants from 10 countries who completed a baseline
dietary and other lifestyle questionnaires2. The study
participants were either population-based (Bilthoven in
The Netherlands, Greece, Spain, Germany, Sweden,
Denmark, Norway, Italy, Cambridge and a small part of
the Oxford cohort from the UK), participants in breast
cancer screening (Utrecht in The Netherlands, Florence in
Italy), or teachers and school workers in France. In
Oxford, most of the cohort was recruited among subjects
with an interest in health and/or vegetarian eating habits.
Blood donors were also recruited in different proportions
in certain Italian and Spanish centres. In France, Norway,
Utrecht (The Netherlands) and Naples (Italy) only women
were recruited.
A sub-sample of 36900 participants gave a single 24-
hour dietary recall interview to use as the reference
calibration method. The calibration sample was randomly
chosen from each cohort, weighted according to the
cumulative number of cancer cases expected over 10 years
of follow-up by gender and 5-year age strata. Around 4000
24-HDRs were recommended per country, according to
calculations detailed elsewhere12, in order to provide a
large sample from each participating cohort. The initial 23
EPIC co-ordinating centres were redefined in France, the
UK and Norway. In the UK, the 'health-conscious' group
and the subjects recruited from the general population
both in Cambridge and Oxford (general population
group) were considered separately. In France and
Norway, where the study participants were scattered all
over the country, the groups were sub-divided into,
respectively, four and two geographical regions. Finally 27
centres were considered in the present analysis. Details of
the EPIC calibration study design, sampling procedures
and population characteristics are described elsewhere in
this supplement13. The sampling procedures were
designed in order to obtain a homogeneous distribution
by season and day of interview to control for possible day-
to-day and seasonal variations in dietary intakes. A single
24-HDR was collected from a stratified random sample
using an ad hoc software (EPIC-SOFT), specifically
designed to standardise dietary measurements and control
the overall interview procedures across heterogeneous
study populations8. In the absence of a standardised
European nutrient database, which is still being devel-
oped14, country-specific food composition tables were
used to calculate nutrient intakes. A recent review of the
national food composition tables available in countries
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participating in EPIC15 suggested that energy measure-
ments are reasonably comparable between countries.
In order to evaluate the (relative) 'validity' and to assess
comparability of dietary measurements among EPIC
cohorts in the 24-HDR data, we focused on self-reported
energy intake values. A fundamental physiological
principle of energy metabolism is that energy intake
equals energy expenditure if body weight is stable. Recent
sophisticated (and expensive) techniques to estimate
energy expenditure, such as doubly labelled water, would
have made it possible to validate reported energy intake.
However, this method is too costly to be applied routinely
in epidemiological studies, and alternative ways to
evaluate reported energy intake are necessary. The ratio
of energy intake (El) over estimated basal metabolic rate
(BMR), taking age, sex, weight and height into account,
can be used as an internal validation of reported energy
intake16. Energy expenditure (EE) over BMR is also known
as physical activity level (PAL). The (relative) validity of
reported energy intake was assessed by assuming the
fundamental equation El = EE. The reported El may be
expressed as EI/BMR and compared with a reference PAL
in a given population. The confidence limits of agreement
between EI/BMR and PAL can be determined by
considering physiological variations in both BMR and
PAL, daily variations in energy intake and the number of
repeated measurements per individual. Goldberg et al10
and more recently Black11 constructed tables for lower
and upper limits of EI/BMR values based on Food and
Agriculture Organization/World Health Organization
energy requirement estimates and energy expenditures
from studies using doubly labelled water measurements6.
The limits were calculated assuming that the value of PAL
equals 1.55. These limits represent the values below or
above which it is statistically unlikely that the reported
intake represents habitual intake or a low or high intake
obtained by chance. Using the EI/BMR cut-off points
proposed by Goldberg and Black10'11 on the basis of intra-
individual variations, it is possible to determine whether
the mean reported energy intake is a plausible measure at
the aggregate (i.e. population) level, and to identify, at the
individual level, study participants out of range of
physiologically plausible energy intake values. The choice
of 1.55 for PAL is motivated by the fact that the EPIC
calibration sample was mainly composed of middle-aged
study participants13 with overall moderate physical
activity17. To calculate the limits of acceptance for
EI/BMR, we considered 23% of within-subject variation
for energy, 15% of between-subject variation for PAL and
8.5% of within-subject variation for estimated BMR,
according to the recent work by Black11. Limits were
computed according to a 95% confidence interval (CI).
For an evaluation of EI/BMR at the aggregate level,
according to the formula in Goldberg et al.'s paper10, it
was possible to identify the lower confidence limit, given
the number of days of diet assessment and the sample size
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in the different EPIC centres. Centre- and gender- specific
lower limits were therefore considered. Since analyses at
the individual level suggested that overreporting was
marginal in the EPIC 24-HDR, evaluation of misreporting
at the aggregate level focused only on underreporting. As
pointed out by Black11, at the aggregate level, with one
dietary measurement per individual and when the sample
size (w) is greater than 100, as is the case in the EPIC
centres, the number of subjects does not alter Goldberg's
cut-off substantially (i.e. it is of little importance to
determine the ability to detect bias in the mean intake).
At the individual level (n = 1), the intra-individual
variability values used in the formula proposed by
Goldberg resulted in lower and upper limits equal to
0.88 and 2.72, respectively. Participants with calculated
values of EI/BMR lower than 0.88 were therefore
considered 'extreme underreporters', and participants
with values above 2.72 were considered 'extreme
overreporters'. The empirical approach used at the
individual level does not identify all under- or over-
reporters but only those who, under different assumptions,
should be considered as physiologically implausible.
P Ferrari et al.
Black18 discusses extensively the sensitivity and the
specificity of such limits to identify underreporters in a
study population. We refer the reader to a later section of
that paper for a more complete discussion about this.
Statistical analysis
Chi-square test statistics were used to test the homogeneity
of distributions of mis-, under- and overreporting within
countries and across centres. Centre- and country-specific
crude and adjusted mean values were calculated for
EI/BMR and energy intake before and after exclusion of
subjects whose EI/BMR values were below 0.88 and above
2.72. A weighted analysis of covariance model was used to
adjust for body mass index (BMI), height and age at recall
(continuous variables), with weights calculated to take
into account day of recall (weekday vs. weekend day) and
physical activity (PA) at work (categorical variables). This
procedure was used to relax the assumption of parallelism
for adjusting factors across centres. These variables were
chosen because they have been found to explain
statistically EI/BMR and energy intake variability in the
EPIC data.
Table 1 Sample size and percentage of misreporters (Mis-R), underreporters (Under-R) and overreporters (Over-R) in the European










































































































































































































































































































































Downloaded from https://www.cambridge.org/core. 26 May 2021 at 10:31:46, subject to the Cambridge Core terms of use.
Underreporting in the EPIC 24-hour diet recalls 1333
Physical activity in the EPIC calibration sample was
available through two independent variables: physical
activity at work, where the type of work of study
participants was categorised into four levels (not
employed, sedentary, standing and manual/heavy manual
work)17, and a score reflecting activities during leisure
time.
Apart from the UK 'health-conscious' group, special diet
reflected long-term health problems related to diet (e.g.
hyperlipidaemia, hypertension, diabetes, stomach or
intestinal problems), particularly in Umea and, to a lesser
extent, Greece.
To explain EI/BMR variability between EPIC centres and
to speculate on potential causality of any of the mentioned
factors, multivariate statistical models were used to
determine the principal sources of EI/BMR variability.
Mean and standard deviations of relevant variables were
computed by sex-specific quartiles of BMI and, sub-
sequently, EI/BMR.
In addition, multivariate unconditional logistic
regression analyses were performed to investigate the
role of variables associated with underreporting, by
creating a dichotomous outcome (1 = extreme under-
reporters, with EI/BMR < 0.88; 0 = participants with
plausible values) used as the dependent variable in
a regression model. Due to the marginal role of
overreporting, the present analysis was restricted to
underreporting. Age (five categories: < 50, 50—55, 55—
60, 60-65 and s 6 5 years), height (continuous), weight
(sex-specific quartiles), physical activity (at work and,
separately, during leisure time), smoking status (three
categories: non-smokers, ex-smokers and smokers),
special diet and day of the week (weekday vs. weekend
day, Friday within the latter) were included in the
statistical models. Categorical variables were fitted by
means of dummy indicators. Since energy intake is
strongly associated with EI/BMR (partial linear correlation
higher than 0.90), it was not included in the various
models considered. Educational level and season of recall
were not included in the final model because they were
not found to be statistically associated to the outcome, in
contrast to previous observations19. Models with BMI
instead of weight were also fitted.
Since underreporting and the distribution of its potential
determinants differ between men and women, gender-
specific analyses were performed. Throughout the work,
significance level equal to 95% was used. All statistical
analyses were performed with SAS, version 8.220.
Results
The calibration sample has been described in detail
Table 2a Crude and adjusted ratio of energy intake to basal metabolic rate (EI/BMR) mean estimates for the total sample and after










































































































































































































































































































































SD - standard deviation; 95% Cl - 95% confidence interval.
* Mean values were adjusted by body mass index, height, age at recall, day of recall (weekday vs. weekend day) and physical activity at work.
t Lower limit for evaluation of EI/BMR at the aggregate level, determined as a function of intra-individual variation and centre (country) sample size.
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elsewhere13, and we list some important characteristics of
the study participants in the Appendix. It can be seen that
the frequency of special diets in the 24-HDR interviews
was high, more so among women (ranging from 11% to
36%) than men (from 7% to 27%). In Table 1 we report the
distribution of participants within the three categories of
dietary reporting (extreme under-, normal and extreme
overreporters) to characterise study subjects according to
their reported energy intake.
Extreme underreporting at the individual level was
higher in women than in men. The percentage of male
participants below 0.88 was 10% overall, ranging from 3%
in Navarra (Spain) to 20% in Greece. The percentage of
overreporters ranged from 1% (Navarra, general popu-
lation in the UK, Greece, Potsdam in Germany, Malmo in
Sweden, Aarhus and Copenhagen in Denmark) to 5% (San
Sebastian, Spain). The proportion of study participants
identified as misreporters ranged from 4% (Navarra) to
P Ferrari et al.
21% (Greece). Underreporting was heterogeneous across
centres only in Italy, Germany and Sweden. A similar
picture was observed for misreporting in general.
Among women, underreporting ranged from 5% in
North-west France to 33% in Greece, while most of the
countries were between 13 and 16%, with an overall
percentage of 14%. The percentage of overreporters in
women ranged from 0.1% (Varese in Italy, Granada in
Spain, Potsdam in Germany) to 4% (Ragusa in Italy).
Country-specific analyses in women revealed that, across
centres, the percentage of underreporters was statistically
heterogeneous in all EPIC countries, except France,
Germany and Norway. Overall, heterogeneous misreport-
ing was also observed, except in Germany and Norway.
To evaluate underreporting at the population level,
centre- and sex-specific EI/BMR means were calculated
and are reported in Tables 2a and 2b. In men, EI/BMR
means were above 1.55 only in Varese in Italy (1.59) and in
Table 2b Crude and adjusted ratio of energy intake to basal metabolic rate (EI/BMR) mean estimates for the total sample and after


















































































































































































































































































































































































































































































SD - standard deviation; 95% Cl - 95% confidence interval.
* Mean values were adjusted by body mass index, height, age at recall, day of recall (weekday vs. weekend day) and physical activity at work.
f Lower limit for evaluation of EI/BMR at the aggregate level, determined as a function of intra-individual variation and centre (country) sample size.
Downloaded from https://www.cambridge.org/core. 26 May 2021 at 10:31:46, subject to the Cambridge Core terms of use.
Underreporting in the EPIC 24-hour diet recalls
all Spanish centres. However, after exclusion of under-
and overreporters at the individual level and adjustment
for BMI, height, age at recall, day of recall and physical
activity at work, mean values were within acceptable limits
also in the Italian centres of Florence (1.50) and Ragusa
(1.53). The exclusion of extreme reporters was particularly
effective. The crude mean and the mean computed after
exclusion were appreciably different in Greece (1.29 vs.
1.41), the UK general population (1.39 vs. 1.45), the UK
'health-conscious' (1.33 vs. 1.40), Heidelberg in Germany
(1.38 vs. 1.45), Potsdam in Germany (1.40 vs. 1.47) and
Malmo in Sweden (1.37 vs. 1.45). In some centres the
adjustment strengthened the tendency to increase mean
values while in other situations the effect was the
opposite. Overall, exclusion seemed to be more effective
than adjustment.
Among women, crude EI/BMR means were always
under the expected value of 1.55. By taking the lower limit
computed at the population level, San Sebastian in Spain
(1.51) was within the acceptable value. Exclusion of
under- and overreporters and adjustment brought mean
values within the centre-specific lower limits of the
expected values of 1.55 only in Murcia in Spain (1.51) and
Aarhus in Denmark (1.52). Similarly to men, exclusion had
a stronger impact on mean values than adjustment, which
is not surprising since the percentage of extreme reporters
1335
was higher among women than men. Crude means
computed after exclusion of misreporters were higher
than the means computed on all subjects. The difference
was particularly evident in Turin in Italy (1.31 vs. 1.43),
Naples in Italy (1.30 vs. 1.43), Granada in Spain (1.24 vs.
1.35), the UK general population (1.26 vs. 1.36), Greece
(1.09 vs. 1.29), Heidelberg in Germany (1.34 vs. 1.43) and
Potsdam in Germany (1.28 vs. 1.38).
Mean energy intake values are reported in Tables 3a and
3b. Among men, reported energy was relatively low in
Greece (mean 2122 kcal day"1) and in the 'health-
conscious' population in the UK (2252 kcal day"1).
Substantially higher values were observed in Italy
(2614 kcal day"1), The Netherlands (2726 kcal day"1),
Denmark (2645 kcal day"1) and Spain (2814 kcal day"1).
Among women, low values were observed in Greece
(1515 kcal day"1), whereas in Denmark (1941 kcal day"1),
The Netherlands (1944 kcal day"1), Norway
(1951 kcal day"1) and France (1961 kcal day"1), mean
values were higher.
Generally, energy intake values across centres were
homogeneous within countries among men and women.
Statistically significant differences between adjusted
energy intake means, after exclusion, were observed
among men within Spain - San Sebastian
(2990 kcal day"1) vs. Granada (2732 kcal day"1) - and
Table 3a Crude and adjusted energy intake (kcal) mean estimates for the total sample and after





















































































































































































































































































SD - standard deviation.
* Mean values were adjusted by body mass index, height, age at recall, day of recall (weekday vs. weekend day) and
physical activity at work.
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Table 3b Crude and adjusted energy intake (kcal) mean estimates for the total sample and after

























































































































































































































































































































































































SD - standard deviation.
'Mean values were adjusted by body mass index, height, age at recall, day of recall (weekday vs. weekend day) and
physical activity at work.
within Denmark - Aarhus (2752 kcal day ') vs. Copenha-
gen (2669 kcal day"1). Similarly, among women, signifi-
cant differences were observed within Spain - San
Sebastian (2097 kcal day"1) vs. Granada (1875 kcal day"1)
— and within Denmark — Aarhus (2110 kcal d a y 1 ) vs.
Copenhagen (1967 kcal day 1). This corresponds to an
absolute difference of 9% and 12% in Spain, and 3% and
7% in Denmark, for men and women, respectively.
After exclusion of extreme reporters, energy intake
means increased, as expected, in most of the centres. In
Greece, due to the high percentage of participants
identified as misreporters, estimates of reported energy
intake increased from 2122 kcal day"1 (crude value) to
2471 kcal day"1 (adjusted after exclusion) in men, and
from lSlSkcalday"1 (crude value) to 1847kcalday~1
(adjusted after exclusion) in women. Overall, after
exclusion, the crude means were 33% and 58% higher
in men and women, respectively. This is not surprising
since the percentage of participants identified as under-
reporters according to Goldberg's cut-off was substantially
higher than those identified as overreporters.
Determinants ofEI/BMR variability
In Tables 4a and 4b we report means and distribution of
some variables of interest for understanding EI/BMR
variability by quartiles of sex-specific BMI. There is a
strong inverse linear relationship between BMI and
EI/BMR in both men and women. The difference in BMI
means between the highest and the lowest EI/BMR
quartiles is 16% for men and 13% for women. Reported
energy intake tends to be underestimated among obese
people (most likely at higher values), and overestimated
among lean people (for lower values). Tables 5a and 5b
show sex-specific quartiles of EI/BMR. Energy intake
explains the majority of its variability. It also seems that
weight (and BMI) plays a role in explaining part of the
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Table 4a Mean and distribution of relevant variables by sex-
specific quartiles of body mass index (BMI): men
Table 5a Mean and distribution of relevant variables by sex-
specific quartiles of ratio of energy intake to basal metabolic rate
































































































































































EI/BMR heterogeneity. Physical activity should also be
taken into account since it is one of the components that
determine individual energy intake. PA at work is
significantly related to EI/BMR, the higher the latter the
more active the type of work, and this association is
stronger in men than in women. As for PA at leisure time,
once again higher EI/BMR ratios are associated with
higher activity, and the evidence is stronger for men than
for women.
After adjustment for age, height, special diet, smoking
status and physical activity at work, unconditional logistic
regression showed a strong positive association between
weight (and BMI) and underreporting (Table 6). The odds
ratio (OR) of being an underreporter for the highest vs. the
lowest quartile of weight was 3.79 (95% CI 3.10-4.62) in
men and 4.75 (95% CI 4.12-5.42) in women, indicating
that overweight subjects are significantly more likely to
underestimate energy intake than slim subjects. ORs for
BMI were surprisingly similar to the estimates observed for
weight in both men and women. The effect of age was
slightly higher in men (0.58, 95% CI 0.45-0.77) than in
women (0.74, 95% CI 0.63-0.88) for the highest age
category. Physical activity at work was, as expected,
inversely associated with underreporting, with similar
effects in the two genders, while no effect was observed
for leisure physical activity. Recalling the weekend diet
lowered the risk of reporting implausible energy values.
Current smokers (vs. non-smokers) showed a significant
OR only in women (1.37, 95% CI 1.22-1.54). Relatively
Table 4b Mean and distribution of relevant variables by sex-
specific quartiles of body mass index (BMI): women
Table 5b Mean and distribution of relevant variables by sex-





























































































































































El - energy intake; BMR - basal metabolic rate; PA - physical activity; BMI - body mass index; PA - physical activity.
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high odds ratios were observed for participants who
reported following a special diet on the recalled day.
When centre- and sex-specific quartiles were used,
results were similar (data not shown). Fitting models with
different predictors, we also checked that the regression
parameters for the variables that were consistently
included (physical activity, special diet, day of the week
and smoking status) did not vary substantially.
Discussion
In the present work we evaluated misreporting in the EPIC
24-HDR data. In the EPIC calibration sample there is
evidence of underreporting, while overreporting has only
a minor impact. Using Goldberg's cut-off points it was
possible to identify centres at the aggregate level and study
participants at the individual level as extreme under-
reporters, after considering between- and within-subject
variability of EI/BMR components. At the aggregate level
we observed EI/BMR means under the expected value of
1.55 in the vast majority of the EPIC centres. This cut-off
level was chosen as the reference value given the
calibration study population's age and physical activity.
Adjusting for possible confounding changed the magni-
tude of estimates but did not substantially alter the ranking
of centres. Notably, in Bilthoven (The Netherlands), where
the study participants are younger than in the rest of the
study, adjustment lowered mean energy estimates due to
the observed negative correlation between age and
reported energy intake. Adjusted means for energy were
7.5% and 5-9% lower than crude estimates in men and
women, respectively.
Values of EI/BMR below 0.88 at the individual level are
very likely to be the result of variations in reported energy
intake beyond day-to-day variability. Analyses conducted
at the individual level revealed that the percentage of
people identified as extreme underreporters was always
under 13% in men (except Greece, 20%) and under 17% in
women (except Greece, 33%). Study participants in
Greece have among the lowest values for physical activity,
which might partially explain the extremely low values for
self-reported energy intake. However, a recent study to
validate protein intake through urinary nitrogen measure-
ments in the EPIC 24-HDR21 showed evidence of
underestimation of protein intake in Greece, supporting
the interpretation that the underreporting of El observed
in the present study is real and not due to lower than
expected physical activity.
Underreporting was generally heterogeneously distrib-
uted among countries, but homogeneously among centres
within the different countries, in both male and female
study populations.
In the EPIC 24-HDR data we observed an inverse linear
relationship between BMI (or weight) and EI/BMR, thus
suggesting that obese (or overweight) people tend to
underreport energy intake. This association seems to be
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equally present in men and women, but is slightly stronger
among the latter, a phenomenon previously reported in
the literature5'22"28. Moreover, logistic regression analyses
suggested that participants in the top BMI quartile have a
considerably higher probability of being identified as an
extreme underreporter than do participants with plausible
values.
However, there are limitations to this interpretation
when inferring a possible relationship between BMI and
underreporting. First of all, this conclusion is based on the
assumption that physical activity is constant in the
population. Obese people may, however, be physically
less active than non-obese, and actually have lower energy
intakes, so the uniformly accepted PAL value of 1.55 for
the general population may not apply equally to these
subjects. Secondly, although the use of Goldberg's limits to
identify under- and overreporters is very useful, a PAL of
1.55 assumes a sedentary lifestyle. This figure was chosen
by the authors in order to avoid overestimation of
underreporting. However, physical activity is very
heterogeneous within any given population, and may be
associated with a particular group of people. In the
present work it has been assumed that 1.55 was a
reasonable choice owing to the age span and other
characteristics of the EPIC calibration sample.
Two indicators for physical activity were considered
throughout the analyses. These variables do not provide
individual quantitative estimates, but allow study partici-
pants to be ranked according to type of physical activity at
work or during leisure. Their use made it possible to take
into account the differences in participants' physical
activity and to correct for possible confounding effects
when calculating adjusted means or risk ratio estimates.
Furthermore, it is assumed that the equation proposed
by Schofield et al16 for BMR works equally well for all
subjects in a given population. The linear relationships of
height and weight, stratified by age group and gender, to
estimate the basal metabolic rate may work less accurately
for overweight people. These equations may lack
precision because they are supposed to work well on
average, statistically speaking, but not necessarily at the
individual level. Moreover, a non-linear relationship may
exist between BMR and weight, specifically for high values
of weight. This would lead to imprecise estimates of BMR
for a particular category of subjects (for example obese
people), thus weakening the validity of estimated BMR. In
a recent work, Black11 observed a non-linear relationship
between estimated and measured BMR in women,
suggesting that BMR of obese subjects may be over-
estimated, thus accentuating the extent of underreporting
evaluated with EI/BMR. However, an appreciable effect
seems to be present only for women with
BMI>35kgm~ 2 , which represents only 3.6% of
women in the EPIC 24-HDRs.
The evaluation of the relationship between EI/BMR and
BMI (or weight) is problematic since both terms are a
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function of height and weight, and therefore share a
common source of variation. Part of the statistical
association observed may simply be due to the common
source of variability between EI/BMR and its components
and not to a true causal relationship between weight (or
BMI) and age and underreporting.
In this study, the hypothesis that some factors,
specifically BMI (and weight), are significant determinants
of underreporting is based on a considerable list of
assumptions. The authors are aware of the limitations of
this speculation, but intend to provide insights into
questions that will very likely be one of the most
challenging fields of research in nutritional epidemiology.
We therefore strongly believe that there is room for an ad
hoc study designed to further evaluate and test our
conjectures.
In a multi-centre study, the aim of calibration is to
express dietary measurements on a common scale and to
correct for bias due to measurement errors in the DQ
measurements. Measurement error attenuates the relation-
ship between exposure and disease towards the null
hypothesis of no association. The objective of calibration
is therefore to estimate the attenuation parameter \ to
adjust dietary exposure assessments so that relative risk
estimates calculated for a quantitative per unit difference
in exposure level are no longer biased by errors in DQ
measurements4'29'30. In the EPIC calibration setting,
attenuation coefficients are estimated by regressing the
24-HDR reference measurements (/?) on DQ measure-
ments under the assumption, among others, that R is
linearly related to true habitual intake (70 as R =
where $R=l, E\eK\T] = 0 and
= a2eR. It is therefore assumed that the reference
measurements are unbiased, or - equivalently - that error
is strictly random, after the aR term captures the systematic
component.
In a multi-centre setting, calibration and data analysis
have a within-group (countries or centres) component and
a between-group (ecological) component. Underreport-
ing in the 24-HDR indicates that the EPIC reference
measurements are not unbiased at the group level.
However, if underreporting is distributed randomly
between subjects within groups, 24-HDR can still be
used to calibrate DQ measurements onto a reference scale
without absolute validity, but which is common across
subjects. Moreover, if the degree of underreporting is
approximately constant across study population groups,
the questionnaire measurements can still be calibrated for
between-group calibration7. After exclusion of misrepor-
ters, adjusted EI/BMR means were consistently less than
10% different from the expected value of 1.55 for PAL
(except for women in Greece and in the UK), with overall
differences equal to 4.0% and 7.4% for men and women,
respectively. These results seem to be confirmed by the
validation study on protein intake in the EPIC 24-HDR
previously mentioned21, where very similar results on
underestimation of protein intakes were observed. More-
over, a similar picture was observed after considering PAL
values equal to 1.65, thus assuming higher PAL for the
EPIC calibration sub-sample.
However, the fact that some factors may have a causal
effect on underreporting implies that measurement error
in the 24-HDR estimates for energy intake also contains a
systematic component. It reflects the tendency of study
participants with specific characteristics (e.g. BMI, age,
etc.) to under- or overreport dietary intake systematically
and may be the result of within-person systematic error
not randomly distributed between subjects. Kipnis et al?1
refer to it as person- and group-specific bias in reporting
dietary intakes. Several strategies are advisable; for
example, the use of BMI-specific attenuation factors. On
the basis of several studies that reported serious under-
reporting in groups of people with high BMI26"28,
Prentice32 proposed a model in which the degree of
attenuation depends on the individual. This model
suggests that the overall level of attenuation may be far
greater than previously thought. Although the effect of
BMI on underreporting has been suggested repeatedly
and different calibration approaches discussed, no
uniformly accepted evidence about the effect of BMI on
attenuation has been reached33.
The prevalence of a special diet at recall is high (16.3%
and 20.6% in men and women, respectively), and 26.3%
and 31-3% of extreme male and female underreporters had
a special diet during the recall. These values undoubtedly
require further evaluation.
In a recent paper Black18 discusses the sensitivity and
specificity of the Goldberg cut-off for EI/BMR to identify
extreme underreporters. The use of 1.55 for PAL to
determine the individual cut-off point to identify under-
reporters has moderately low sensitivity but extremely
high specificity, meaning that all of the participants
identified as high underreporters are very likely to have
truly underestimated energy intake, while some of the
energy measurements considered to be plausible were
effectively underestimated. This seems to strengthen the
validity of our findings, since potential misclassification of
study participants according to underreporting status,
which is likely to be the case here, would lead to weaker
effects.
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Table A1 Age, anthropometry and frequency of special diet at recall in the European Prospective Investigation into Cancer and Nutrition


















































































































































































































































































































BMI - body mass index; SD - standard deviation.
* At the time of interview.
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Table A2 Age, anthropometry and frequency of special diet at recall in the European Prospective Investigation into Cancer and Nutrition
































































































































































































































































































































































































































BMI - body mass index; SD - standard deviation.
* At the time of interview.
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